Fruit oil from five species of kumquat (Fortunella japonica, F. margarita, F. crassifolia, F. obovata, and F. hindsii) grown in the same pedoclimatic conditions have been analyzed by a combination of chromatographic and spectroscopic techniques. The compositions of the five fruit oils were strongly dominated by limonene (84.2-96.3%). Other components present with appreciable contents were myrcene (1.3-12.9%) and germacrene D (0.3-2.4%).
The genus Fortunella (family Rutaceae) is taxonomically close to the genus Citrus. Trees and fruits of Fortunella species are known as "kumquat". Kumquat fruits (smaller than most citrus fruits) have long been used in traditional medicine for the treatment of colds and coughs. They play also an important role in the perfumery and food industries [1, 2] . Biological activities related to peel, fruit and leaf oils have been investigated: antimicrobial [3] antioxidant [4] , antiviral [5] , and insecticidal [6] properties have been reported; they have recently been reviewed [1] . Since the early sixties, various investigations have been concerned with the identification of volatiles contained in peel, fruit and leaves of kumquat. The comprehensive list of volatiles reported from kumquats has been tabulated along with their retention indices (RIs) using different polarity columns [1] . The results of works related to the composition of kumquat essential oils (EOs) are summarized below.
Fortunella margarita (Lour.) Swingle, Nagami kumquat or oval kumquat: As soon as 1961, the EO of Californian F. margarita, isolated from the flavedo of the ripe fruit by steam distillation (SD) was found to contain large amounts of limonene, some α-pinene, myrcene, terpene esters, aldehydes and free alcohols [7] . Since that time, various studies led to the composition of F. margarita peel or fruit oils. Limonene was always the major component. However, its content varied substantially from sample to sample. Indeed, very high contents of limonene (higher than 90% of the whole composition) have been reported. For instance, limonene (94.3%) was the major component of the peel oil from Argentinean F. margarita, beside myrcene (1.9%) and geraniol (1.1%) [8] . In parallel, the peel oil of F. margarita of Californian origin isolated by a simultaneous distillation/extraction (SDE) technique contained 92.7% of limonene beside isopropyl n-propionate (1.8%) and terpinyl acetate (1.3%) [9] . Similarly, the volatile components extracted from Korean F. margarita by a SDE method were limonene (96.5%) and -pinene (1.9%) [10] . Cold pressed (CP) and steam distilled peel oils from Taiwanese F. margarita displayed very similar compositions with limonene (95.1/94.7%), myrcene (2.0/1.9%) and germacrene D (1.2/1.0%). Steam distilled fruit oil contained limonene (94.6%) and myrcene (1.9%) [11] . In parallel, various F. margarita EOs displayed lower content of limonene. Indeed, F. margarita fruit oil from Egypt, prepared by HD, contained limonene (80.6%), myrcene (4.7%) and ocimenyl acetate (3.0%) [12] . Limonene accounted for 73.4% and -pinene 7.7% in a peel oil from China, isolated by HD [13] . In contrast, the main components of the EO obtained by HD from fresh Nagami kumquats (F. margarita, USA) were limonene (41.6%), β-myrcene (16.5%), linalyl propionate (9.6%), and germacrene-D (5.9%) [14] . Finally, a second oil sample from Egypt (Cairo-Alexandria), isolated from fresh fruits, differed drastically from all the other reported F. margarita peel or fruit oils. -Terpineol (55.5%) was reported as the major component beside carveol, carvone, citronellal and γ-muurolene (5-6% each). However, the paper should be regarded with caution, taking into account the unusual order of elution of individual components [5] .
Fortunella japonica Swingle (Marami kumquat or round kumquat):
Various papers reported on the very high content of limonene in F. japonica peel and fruit oils: 96.9% (Japan) [15] ; 96.7% (Japan, myrcene, 1.8%) [16] ; 93.7% (Korea, myrcene, 1.8%) [17] . Volatile components of Japanese F. japonica fruit have been isolated by SD and simultaneous purging/extraction (SPE). Limonene was the most abundant compound (87%, SD and 97%, SPE) [18] . F. japonica EO from Greece contained limonene (94.5%) and myrcene (2.6%) [4] . Limonene (91.5%) was the most abundant component of Italian F. japonica oil, accompanied by myrcene (2.9%) and cis-muurola-4 (14) ,5-diene (1.6%) [19] . In contrast, lower contents of limonene were reported: 83.2% and 78.4%, in ripe and unripe fruit oils of Egyptian origin [20] ; 76.7%, beside myrcene, germacrene D and linalool in a peel oil from Colombia isolated by HD [21] ; 61.6% followed by carvone (6.4%) in a peel oil sample of F. japonica native to the island of Jeju, Korea [22] .
Fortunella crassifolia Swingle (Meiwa kumquat):
Peel oils isolated from F. crassifolia contained high amounts of limonene, although lower than those observed for the previous species. Indeed, the main components of the EO from fresh F. crassifolia peel from Egypt were limonene (74.6%) and myrcene (8.1%) [6] . One oil sample of F. crassifolia obtained by HD of peels of Chinese origin contained limonene (74.8%) and myrcene (7.1%) [3] In contrast, the composition of F. crassifolia peel oil from Japan was investigated NPC Natural Product Communications 2016 Vol. 11 No. 2 259 -262 BP 20) . tr = traces < 0.05%. HF: hydrocarbon fraction. OF: oxygenated fraction. # Nomenclature of cis and trans linalool oxide 8 and 9 according to Meou et al [29] as soon as 1990, during fruit maturation. Limonene (plus 2-hexenal) accounted for 53.3-58.4%, accompanied by myrcene (10.9-14.2%), -terpinene (2.1-2.5%), carvone (2.1-2.9%), linalool (1.5-2.4%) and octyl butyrate (0.3-2.5%) [23] .
Fortunella sp.:
A limonene-rich oil (96.5%) was isolated from kumquat fruits (species not mentioned) from Calabria (Italy) [24] . Otherwise, a few studies were dedicated to the volatiles isolated from various kumquat species. However, full information was not always available. For instance, a brief abstract mentioned that the peel oil from three kumquat species of Greek origin displayed limonene (percentage not mentioned) as the most abundant constituent. Limonene was followed by myrcene in F. margarita and F. japonica peel oils and by β-pinene for F. crassifolia peel oil [2] . Otherwise, none of the following studies concerned essential oils stricto sensu: -The volatile compositions of three varieties of Chinese kumquat (F. crassifolia, F. margarita and F. japonica) were determined by using HS-SPME coupled with GC-MS. Limonene was the dominant constituent, and its content in the three samples was 50.4%, 55.4% and 51.5%, respectively [25] .
-In a study dedicated to the chemotaxonomy of C. nobilis, the volatile profiles of fruit of 30 genotypes of Citrus, Poncirus, and Fortunella (two species) were subjected to phylogenetic analyses. However, the volatiles were extracted using MTBE as solvent [26] .
-Recently, the volatile profiles of the fruits of four kumquat species F. margarita, F. crassifolia, F. obovata, and F. hindsii from Turkey were investigated using a HS-GC/MS technique. The content of limonene ranged from 67.8% to 73.9%, beside α-pinene (5.6-7.4%), myrcene (2.1-5.4%), γ-terpinene (2.1-3.6%), and β-phellandrene (0.1-3.9%) [27] .
From literature data, it could be underlined that the chemical composition of kumquat peel or fruit oils has been substantially investigated and, although limonene was always (one paper excepted) identified as the major component, its content varied drastically from sample to sample. However, kumquat trees were cultivated in various countries in different climates (Japan, Korea, Italy, Greece, and Colombia), fruits were harvested at different stages of maturity, and peel or fruit oils were obtained using various procedures (HD, SD, SDE, CP). In a few works, 3 to 4 species were investigated; however, volatiles were obtained either by solvent extraction or using a headspace technique. The aim of the present study was to compare the composition of the fruit essential oils (obtained by HD) from various species of kumquat cultivated under identical conditions, in the island of Corsica (France).
Kumquat fruits from F. japonica, F. margarita, F. crassifolia, F. obovata, and F. hindsii were harvested at full maturity on trees cultivated in the orchard of the "Institut National de la Recherche Agronomique" located in San Ghjulianu, Corsica, France. Fruits were submitted to hydrodistillation using a Clevenger-type apparatus (yields: 0.048-0.086%) and then the isolated EO was analyzed by GC(FID) in combination with retention indices on two columns of different polarity. In order to ensure identification of individual components, the EO from fruits of F. japonica were chromatographed on silica gel and the non-polar (hydrocarbons containing fraction) and polar fractions (oxygenated compounds containing fraction) were analyzed by GC(RI), GC/MS and 13 C NMR, following a computerized method developed in our laboratories [28] . The chemical compositions of both CC fractions and that of the EO are reported in Table 1 . In total, 25 compounds have been identified, accounting for 99.3% of the EO. Among these, identification of 15 compounds was ensured by 13 C NMR of the CC fractions. Limonene was present in extremely high content (96.3%), accompanied by myrcene (1.5%). Identification of germacrene D (0.7% in fraction F1) was confirmed by NMR. The major oxygenated compounds identified in fraction F2 were αterpineol (27.7%), geranyl acetate (11.9%), trans-carveol (11.0%) and cis-carveol (5.2%). All the sesquiterpene hydrocarbons and oxygenated sesquiterpenes were in the range traces-0.3%.
The compositions of the fruit oils of four other species of kumquat (Fortunella obovata, F. hindsii, F. margarita, F. crassifolia) are reported in Table 2 , the composition of the fruit oil from F. japonica being added for comparison purposes. From 19 to 25 compounds were identified accounting for 98.9 to 99.3% of the whole composition. The peel oils of four species out of five (F. japonica, F. obovata, F. hindsii and F. margarita), displayed very close compositions with limonene (93.1-96.3%) as the ultra major Fortunella essential oils Natural Product Communications Vol. 11 (2) 2016 261 Considering the four investigated species (F. japonica, F. obovata, F. hindsii and F. margarita) that displayed an ultra high content of limonene (93.1-96.3%), similar results have been reported in the literature. Indeed, samples containing more than 90% of limonene are summarized below, with respect to the species and the country where trees were cultivated: i) F. japonica; Japan (96.7/96.9/93.7%) [15, 16] ; Korea (93.3%) [17] ; Italy (91.5%) [19] ; Greece. (94.6%) [4] ; ii) F. margarita; Korea (96.5%) [10] ; Taiwan (95.1/94.7%) [11] ; Argentina (94.3%) [8] and California 92.7% [9] . In contrast, other kumquat oil samples with lower content of limonene have been also reported: i) F. japonica; Japan, (87%) [18] ; Colombia 76.7% [21] ; F. margarita, Egypt (80.6%) [12] ; China, 73.4% [13] . Finally, our oil samples differed drastically from the low limonene-containing Fortunella EOs such as those of F. japonica var. margarita native to the island of Jeju, Korea, (limonene, 61.6%) [22] and F. margarita from Texas, USA (limonene, 41.6 %) [14] .
Concerning our F. crassifolia oil sample, its content of limonene (84.2%) was higher than those of Egyptian (74.6%) [6] and Chinese (74.8%) samples [3] . It differed drastically from Japanese peel oil samples (limonene plus 2-hexenal 53.3-58.4%) [23] .
Concerning comparative studies of kumquat species, all our oil samples differed drastically from those of Zhonghai et al. [25] obtained using HS-SPME that reported lower contents of limonene (50.4-55.4%), as well as from those of Guney et al. [27] obtained using HS-GC/MS with the content of limonene ranging from 67.8% to 73.9%.
Experimental

Plant material, isolation and fractionation of essential oil: All
Fortunella trees were grown in the same pedoclimatic and cultural conditions in the INRA-CIRAD citrus collection (certified as CRB citrus NF96-600) localized in San Ghjulianu (Corsica, France): latitude 42°17'N, longitude 9°32'E. Mediterranean climate; average: rainfall and temperature: 840 mm and 15.2°C per annum, respectively; soil derived from alluvial deposits and classified as fersiallitic, pH range 6.0-6.6. Trees were in good vigor, disease free and without visible insect infestation.
About 300 g of mature fruits of Fortunella sp. were subjected to water-distillation (3 h), using a Clevenger-type apparatus (yields: 0.048-0.086% w/w). The EOs were stored in the dark at 7°C. Three water-distillations of F. japonica fruits were necessary to obtain enough EO for fractionation.
F. japonica fruit oil (560 mg) was subjected to column chromatography (Silica gel, 63-200 µm) leading to a hydrocarbon fraction HF (495 mg) and an oxygenated fraction OF (45 mg).
GC (FID), GC-MS and 13 C NMR analysis:
Analyses were carried out as previously reported [30] .
Identification of individual components:
Identification of the components by GC(RI), GC-MS and 13 C NMR was performed as previously reported [30] .
